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i 4 | */ Over a million TAG THERMOMETERS have bx 
A ‘ American Industry, which is ample evidence of the 

















iE ‘=S" represent the highest state of perfection in desig st 
wa >, and utility. Over the years, the traditional precisi f TAG 
J DUSTRIAL THERMOMETERS has been steadfastly + 














provements have been made in these fine instrun 


Ly 
i i . . . in step with modern practice, many new and 


Observe the many Outstanding 
Constructional Features 


j The TAG Snap Case-Front makes cleaning easy. A tong 
top of the case fits snugly in a groove in the front. It takes 
effort to replace the front, which when on the instrument 

' firmly closed by the snap device. There are no screws 

. lose or misplace. 





3 ie ©} Connecting piece locked to case by a specially designed s 
— i “ washer. 

3 ®P Asbestos packing, uniformly compressed around enlarge 

glass stem prevents movement of tube with reference to sca 





~3 : | The stainless steel bulb chamber is thin enough to allow quick 

we ductivity, yet rugged and non-corrosive . . . cannot amalgamet 

with the mercury filling. 

Le The bulb is specially seasoned and aged to prevent 
changes in use. It is thin, yet so uniform, that it will not k w 
sudden temperature changes. 

A TAG Red-Reading Glass, with magnifying lens-front, 

{ seasoned and guaranteed for permanent accuracy. 

i r Coupling nut, revolving freely on stem of connecting pie 

taching Thermometer by means of a union or separat 

connection. 
bt 4 Left handed thread on bulb chamber prevents loosening 
turned in removing Thermometer from socket. 

4) Filling in bulb chamber completely surrounds bulb of The 


and insures quick transmission of heat. 


Write us today for your FREE copy of the TAG INDUSTRIA 
MOMETER Catalog No. 1125-Il . . . 24 pages showing the con 


of these notable instruments. You will find it an asset to have 








| Thermometers are built for hard service, but 9g 
ally corrode. TAG Industrial TI 


da TAG Remode'ed Thermom 


workmanship guarantee ¢ 


TAG Industria 
will break and metals will eventu 


eters can always be repaired, an 


ries the same accuracy, material and 


instrument. 
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CC. JI. FAGLIABUE MFG. CO. 
PARK & NOSTRAND AVES.. 
BROOKLYN. N.Y. 
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ONT COVER: Instrument Room of Chicago-Latrol 


Twist Drill Works, Chicago 


DITORIAL COMMENT 


NSTRUMENTS IN POWER CONTROI 
By W. B. Skink! 


OCKING-INDENTER METHODS OF MEAS 
ING HARDNESS 


Williams 


NEW INSTRUMENTS 
Indicators, recorders, controllers, inspex 


ee ee eS ee Reet a ' 
devices, etc., for plant, fleld and laborat 


MANUFACTURERS’ NEW LITERATURI 


\DVERTISERS’ INDEX 





HE OUTBREAK ot the war in Europe tout 
Major Behar in the hospital and unabl 
care of the September issue. The Managing Edit 
therefore had to take over and due to the va 
amount of work required in putting an issue 1 
gether, the editorial comment will be made esp 
cially briet. 

The immediate effect of the war will be a JUICh 
ened demand for all industrial products. To be sun 
the embargo will eliminate the demand for muni 
tions to a considerable extent. However, eve 
Ing the last war, the export of Munitions Was oO! ly 
about 10° of our total exports. American indus 
tries will be called upon to turnish many nati 
with products tormerly turnished by the countri 
now no longer able to serve them. This dematr 
goods of all kinds will require gearing up to supply 


these needs. Measurement and control dev1 vill 


t ¢ | 
\ 4 Lal A 


be necessary to accomplish this gearing uy 

After the last war, we can remember thi 
ing down of our productive mechanism 
tional levels of 
many of our people never could get acclimated 1 
their activities betore the wat 

Automatic machinery and automatic control di 
vices will permit the necessary increase in prod 
tion with the smallest subsequent 


usefulness was so difhcult. th 
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THE INSTRUMENTATION 
CONTES1 


DON’T FORGET 


In the August issue appeared the annou 
the second Instrumentation Contest. A few da. te 
the sue was mailed we received a lette , ) 
John Grebe, Physical Research Laborat Dow 
Chemical Company 

eae t of all let me congratulate y 
compre hensive article on measureme) ) 
ad nent re oT P / 
ments, 

Nert, 1 am gl 0 ( 
“a hi? ? ‘4 f yf ; 
terest a mp ees and en M 
‘ fra ¢ ‘ n ) ‘ 
Midland. 
BE SURE TO MAIL IN YOUR ENTRY BEFORI 
NOVEMBER 15 AND SEND FOR YOUR ENTRY 


BLANK NOW. 



























































MOELLER 
PRECISION GRADE 
INSTRUMENTS 


. £ 


Our mercury th 
with the Moeller 
Glass Red Reading Column 


rmometers 


made 


which makes them easy to 


read under varying light | 
conditions, at a consider 
able distance and over a Samer) 
de > — 
wide range. w 
0 | 
2 
= 


| 





Moeller dial thermometers are made 


n various scale ranges up to 1000 F 
r equivalent in both Metal and Phe 


n te cases 


Moeller re« ording 


thermometers are 





lik wise furnishec| 
nm various range 
up to 1000°F. or 
>GQuivalent in both 
round and square 


ases ~- — 





Other products include 


HYGROMETERS 
RECORDING PSYCHROMETERS 
BAROMETERS HYDROMETERS 
MARINE INSTRUMENTS, ETC 


Write for catalog. 


MOELLER=—- 
INSTRUMENT 
—=COM PANY 


132nd STREET and 89th AVENUE 
RICHMOND HILL NEW YORK 
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The MONTH'S 


NEW 


INSTRUMENTS 








Bomb for Determining Gum 


Stability of Gasoline 


" i tab 





Conductivity Apparatus for 
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BAILEY, 


\WETERY 
METERS and CONTRO 
for Railer Roam 


Boiler Meters 
Indicate, record 
integrate 
F l ow 


and 
Steam 
from the boiler, 
secord Air Flow 
supplied for 
combustion 
and record Flue 
Gas Tempera- 
ture. The use of 
this meter re- 





duces fuel cost, Bailey Boiler Meter 


lessens main- 
tenance and outage, lowers standby cos 


and adds capacity. 


Multi-Pointer Gages for indicatin 
drafts, pressures, differentials are availab|: 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units, 





~— 
Vulti-Pointer Gage 


Flow Meters. For indicating, record 
ing and integrating the flow of steam, feed 
water, compressed air and other fluid 
Granular Material Meters 
For accurately 
the flow 





measuril 
of coal or othe 
granular materials | 
gravity chutes from ove! 
head bunkers. The total! 
quantity of granular ma 


terial is shown ona lar 
illuminated counter whic! 
may be easily read at 


distance of 50 feet. 


Control Systems. 
Make possible the every 


day operation of equipment for steat 


Coal Meter 


generation and utilization at test efficier 
cies. They are applied to the control « 
combustion, feed water, superheat, de 
superheat and other factors. 


Complete Information on any of the above Bailey 


products will be gladly furnished upon request 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohic 
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Moisture 


Rapid and accurate moisture test in per 
entage by drying Drying temperature 
ntrolled by thermostat. Ideal for plant 
moisture ontrol or aboratory moisture 
determinations 


Time required to dry most materials is 
one minute 


Suitable for granular—fibrous—crystalline 
naterials is industries such as 


Sand—Textile—Tobacco 
Ceramic—Rubber—Food 
W ood—Mining—Leather 


Write fo feratu 


Harry W. Dietert Co. 


ept. C—9330 Roselawn Avenue 
Detroit, Michigan 














How Important Is Acewracy? 


TTITH ele c 
W 3 I = = 


tow meters there must be 
Dire oats i 


rt in for ig ry error in recore 
egrating flow, tor the cumulatis 
tect t even slight discrepancies will be 
ifcient to make valueless the records upor 
vhich management must depend for impor- 
t decisions 
chra Electric Flow Meters, whic 
ted by the galvanometer-null principle 
ranteed tor their accuracy and de 
fability They are reliable guides 
Piling records of consumption intake 
ind variations in the rate t flow 
steam, gases, waiter nd 


Woyat Publication N 1196 


COCHRANE CORPORATION 
3120 N. 17th St., Philadelphia. Pa 


— seeps: 





Operation Analyser for 
Oil Circuit Breakers 


Pointer-Stop Instruments 














A LABORATORY JOB 
DONE IN THE FIELD 





Hays PORTABLE COMBUSTION TEST SETS 
are equippea ft Mandie ana rate gas afr 
alysis—right in the field 


Installatiors become more s esst ' di€ 

makers are rapidly exposed yuesswork be 

omes a thing * the past 

Test Sets are available with a necessary 
equipment for the analysis for C¢ ( and 
O omplete with flue gas thermomete and 
draft gage. For further par ar write f 

925 Eighth Avenue, Michigan City ndia 





JAYS CORPORATION 


; MICHIGAN CITY. INDIANA, USA 





INSTRUMENT MOTORS 
All Types — All Sizes 






1/2000 to 1/6 Horsepower 


j ‘ 
motor to fit the job. The Bodir ne includ 

plit pha P or, and ¢ ha 

, r 
r not A 
{ 
u > | 4 v 

' Tha: finest 


le 


Motor Booklet 


re lag tate ye 
2244 W.O 





Lhermo-Anemometer 





Thermometer & Pressure Gage 


nd pr 











Vacuum .. . 
Thermocouples 


COMPLETE LINE 


embodying 
many 
unique 


features 


* 





®@ DEPENDABLE STABILITY 
@ MORE EFFICIENT 

@ HIGHER OVERLOAD 
@ FASTER RESPONSE 

@ SMALLER SIZE—!/)"x1" 
@ LOWER COST 


These thermocouples will meet the 
most rigid specifications. Prompt de- 
livery is assured. Write your require- 


ments to: 


AMERICAN 


Electrical Sales Co., inc. 
67 E. 8th St. New York, N. Y. 


the table ind the ram carrying tl 











MEASURE R. P.M. 


without even seeing 
the rotating element 


THE “FRAHM”’ TACHOMETER 


operates merely by being held against or 
mounted on under test and 
imposes no load. There are no belts, gears 
or electrical connections—simply a set of 
accurately tuned steel reeds which operate 
by resonance. Various ranges from 900 up 
to 30,000 r.p.m. Unique for measuring vibra- 
tions per minute. 


the machine 


Write for descriptive Bulletin 1590-1 


JAMES G, BIDDLE CO. 
[ ELECTRICAL SS AINSTRUMENTS | 


1201-13 Arcn connes Prirapecpnna, Pa 











































Chemical Analysis Recor 


Droy oe M 


L_.aeN 


M 





inent chart. Instrument ire 
chanisms Leeds, 
, Stenton Are.. Philadeln 


New Brinell Machine 


Of particular interest to. tl 


ting large ind awkward = part 


ill brought into cont t with it. Op 


controlled by lever on. the ile 






















A 24-Hour RECORD—giving ac- a i 
urate and dependable measurements 
vital to efficient and economical time «ce ent is a new t 


peration. 


Hays Combustion Meters employ the 
| Orsat principle for measurement of 
| COs. Water operated —no moving 





parts—extreme accuracy coupled with 
dependable performance. 


There is a Hays Combustion Meter 
to fit every requirement—remote or 
ntegral mounting, indicating or re- ; SIE ie P 
ording or both. Write to 925 Eighth . ee nn anager wee egy ( 
Avenue, Michigan City, Indiana, for tehe P 

free catalog 





Electric Counter 


inte | bl 





CORPORATION Jian 


S MICHIGAN CITY. INDIANA.USA 





PORTABLE 


WHEATSTONE BRIDGE 








—- a 





Resistors for D.C. Operation 





high grade instrument for measuring fype FL Resist 
istances fron i fraction. of in ohm lerwriter Laboratory Re x nat ns 
lt rohms. Contains t-dial rhe , My d for ay 
at dial, ilvanomete nd bat ixil 
Il enclose ! ibstantial w " . 
t Nit li | 1 ] \ urac : 
’ X1 T 
; space rt 
it. No. 1050—Portable Wheatstone Bridge woul | vit 3 l 
with Murray and Varley Loops $110.00 will erat t temperat 
t. No. 1052—Portable Wheatstone Bridge ipproximatel 1! t 1 I 
without Murray and Varley Loops $90.00 rd ixiliari TI 
Send for Bulletin No. 105 Dox r spe ; 
ficient ll to fit ir 
RUBICON COMPANY ~oi™!. Overall box dimer 
é ‘ Y te Ds X i "% ‘ 
Electrical Instrument Makers on ht f } nit 


) North 6th St. Philadelphia, Pa. 








WHEELCO 
SURFACE TEMPERATURE 
PYROMETER 










ionary or moving 
Commonly used 


plastic ] pel ind 








} 























motors Deal lf 
etc. Adjustable jour 
has 180 flexibility 


Write for Complete 


intormation 


Wheelco Instruments Co. 


1933 So. Halsted St. Chicago, Ill. 

















On request 








JULES RACINE & CO. 


20 WEST 47" ST., NEW YORK 


Resistors 
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Vacuum Tube Voltmeter 


Mod ibe 


























SOLU-BRIDGE 





SOLUTIONS TESTER 


The smallest solutions conductivity bridge 
3vailable—the simplest in operation—and ihe 
owest priced 

The SOLU-BRIDGE is primarily designed to 
determine the concentration of elkali washing 
solutions of the type used in the laundry, dairy 
brewery, soft drink industries, in metals cleans 
ing, and similar applications. Panel scale is 
calibrated directly in percentage of sodium hy 
droxide, so that measurements are made easily 


3nd accurately without any complications 
Ruggedly built, completely self-contained 
operates from {10 volt A.C. line. Size only 


6°44 x 5 x 25 


$9500 


Model RD-| ustrated 
Dip Cell, at left of illustration $7.00 
I complete details, write for 


Bulletin RD-100, 


Industrial Instrametts... 


156 Culver Avenue, Jersey City, New Jersey 














110 POTTER ST 





rye . ‘Tn . 7 rn , 

TEST MAGNETI(¢ 
"ERTIES 
PROPE cs 

s » ad a! s s * 

OF YOUR STEELS 





Pith: ONLY SINGLE BUTTON BLEC- 
PRICAL RETURN FLUAME TER 


SIMPLEST AND MOST. EFFICIENT 


THREE DIFFERENT STYLES 


Rawson Electrical 
Instrument Company 


CAMBRIDGE, MASS 
Branct East 26th Street, New York City 
Representative: E. N. Webber 

Ww Ra ph St Chicago, Il 














New Stud Type Attenu 








Limit Controls 


ntr ne 


a 













































Vv cAR — TOUGHNESS 


TEASUREMENTS 








J Tabei thraser Testing Outfit 


ABRKASERS are calibrated for standard 
easurements on paint, lacquer, molded o 
ed plastics, electroplate, porcelain enamel 


r Models available for Woven and Knitted 


s of wool, rayon, silk, etc 


\Vrite for illustrated bulletin No. 3901, tell- 


s of your special problem 


TABER 


INSTRUMENT COMPANY 


NORTH TONAWANDA, N. Y. 








HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
the past 30 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive 


Illustrated 
bulletins 
free. 





— 


The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica,N. Y. 














| Stationary 


| M ving 





Surface Temperatures 
Stat The “‘Ainor” 
Combination Pyrocon 





urved 
Surf 
oe Ideal for rolls, molds, 
plates, platens and 
plastic material temper- 
atures. 
Write for bulletin. 
illinois Testing Laboratories, Inc. 
142 W. Austin Ave Chicago, Illinois 








NATIONAL * 


RHEKOSTATS 


isk for Catalog No. 5 
National Electric Controller Co 


5317 


Ravenswood Ave., Chicago, Ili 








Precision Length Standards 





X-ray Diffraction Unit 


v Sau 


50-Watt Rheostat 











AC-ME RECORDING 
GRAVITOMETER 


ACCURACY 
SIMPLICITY 


RECORDING 
SPECIFIC 
GRAVITY OI 
GASES 











—FEATURES — 


Requires minimum of maintenance 
No rotating parts 


Automatically compensated 


Manufacture 


THE REFINERY SUPPLY CO. 











PHOTRIX 
UNIVERSAL PHOTOMETER 


(FOOT CANDLE METE 





UNEQUALLED SENSITIVITY 
Fu sca iat + P 4 
0.5 FT.-CDL. 


i 
ELECTROCELL 


Colt 


DR. F. LOEWENBERG 

















Capacitor Selector 





Photoelectric Turbidimeter 

















NOW 


Wheelco Series 3200 


Quartz Gas Analysis C. 


















POTENTIOMETER 
CONTROLLER 


Matching the unusual sensitivity of 
the Famous CAPACITROL control sys- 
tem with the well established accu- 
racy of the potentiometric method of 
temperature measurement, Wheelco 
again leads in supreme performance 
by offering this unbelievable solution 
for control problems of extreme accu 


racy and sensitivity. 


Write for Bulletin 3200 


Wheelco Instruments Co. 


1933 So. Halsted St. Chicago, Ill. 








M aintainine PROPER DRAFT 
is relatively a simple job once a Hays 
Draft Gage has been installed. Ac- 
curate measurements supplant guess- 





work, resulting in more efficient com- 
bustion. 

HAYS ORIGINATED and perfected 
the dry or diaphragm type of draft 
gage and today Hays Draft Gages 
are standard equipment in thousands 
of the nation's boiler rooms. tne al Tee 
HAYS DRAFT GAGES are offered float cage. It also is suitable 


in a wide variety of types from the 


V-type, illustrated above, to record- ? cane ithe 
ing gage. Send for our catalog to- fo cai@aitnen:. SPATil bine UAin: MEGEniiSe tio 


day. Write to 925 Eighth Avenue ERS EOE peat a meee ea agen 
Michigan City, Indiana. when tl 


















































tubber Oscillograph 








Instantaneous Reset Timer 


Multifiex rutomiatic timer i 
tor-drive reset t it ! 
ned for pplication ! 
! nt I peratior I 
quer Ti for controllir 
x iit i be supplied in 
t t} pening nd el i 
lit I pendenth idjustabl 
! ! ing plat n b 
! ne tor thi l i rte 
I ted | } Con ts il | 
witt ! nd b I 
th plat i Iri n downw 
liseng rf ‘ 
I l thiar ‘ is 
1 ne es <sib] ] 
n b t Ss ] nt 
tl lute} il iliaab 








ntact has “on ind “oft indicators 
! idjustable ilong a linear time 
by loosening «a thumb-screw., The on 
or is adjusted to the division corre 


fter timing interval has been started 





Wise, oft indicator is moved to the 
When circuit is to be ypen on ind 
indicators for each circuit can be ad- 

ndependently of each other t clost 
their respective clreults In any «ae 


sequence Verniet idjustments (not 





1) n be provided w xt 
rat tir idjustment ire require 
nsist of vdijusting nob locate 
ti ( ] f enc} ont t (on 
tur? Dy b dvanees indicat 








PLASTOGRAPH 





Recording Plastometer—based on the dyna 
mometer principle and practically weigh 
ing the plasticity of the different materials 
Measures consistency over a wide range 

materials—trom fairly viscous, syrupy sub 
stances tO unvulcanized rubber Has been 
ipplied successtully in RESEARCH as we 
is in PLANT CONTROI for continuous 


operation) in the following industries 


RUBBER CELLULOID — ARTIFICIAL SILK - 
PHOTOFILM—ACTIVATED CARBON —PAINT 
—FERTILIZER—STARCH—DEXTRIN AND GLUE 
—TAR—ASPHALT—As well as for TESTING OF 
SOILS for Highway Building 

Can be supplied with various types of mixers 
or agitators—all water jacketed for efficien 
temperature control. Has three difterent sen 
sitivity settings and can measure and record 
within each desired range with thre times 
bh 


ind five times increased sensitivity the 


simple expedient of zero-suppression 


Pamphlet on Request 


BRABENDER CORPORATION 


ROCHELLE PARK, N. J 








TETCO 


Speed Recorder 





Creates a permanent time rec- 
ord on a waxed chart. Accu- 
rately records rate of produc- 
tion, time and duration of 
stops, total quantity produced. 
The Electric Tachometer Corp. 


1358 Spring Garden St., Philadelphia, Pa 








ling to time when circuit is desired to 








ALNOR Electronic Type 


PYROMETER 
CONTROLLER 


For all industria 
applications 


Ranges 0-600 to 0-3000 


Write for bulletin 


ILLINOIS TESTING 
LABORATORIES, INC. 


42 W. Austin, Chicago 











Photo Electric Counter 





Aircraft Direction Indicator 


Ne 
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Power Tap Switches 











ANALYZE 
CORROSIVE 
GASES 


@ The Englehard All Quart 
Thermal Conductivity Gas An 


alysis Cell is the answer to cor 





rosion problems. The gas doe: 
not come in contact with any 
metal at any point in its pas 
sage through the unit. Positive 
calibration and continuous ac 


curacy is assured. 














Se nd for Bulle tin No. S00. 


CHARLES ENGELHARD, INC. 


90 CHESTNUT ST., NEWARK, N. J 


























Electronic Switch 













2511 NORWOOD AVI 
Manuflactu ALL TYPES THERMOMETERS 








at @ glance! 








A single RED line .. . can save you money, kinds of light. They are annealed and treated 

eliminate errors and assure temperature accu sO as not to change with age or use and io 

racy, which is so important in all manufactur- give longer service. F Pasar 

ing processes. Be safe! Install PALMER thermometers with = 
Palmer's “Red-Reading-Mercury” Thermom- the wide RED column for best results! ee 

eters can be read quickly, at a distance, in all WRITE FOR CATALOG No. 300-C ; 


HE PALMER COMPANY — 


. CINCINNATI, NORWOOD, OHIO 
Branch: KING & GEORGE STS., TORONTO 
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B. SKINKLE 


xh District 


Power 


( ommittee, 
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subsidiary Companies of U. 8. Steel Corporation, Pittsburgh, Pa 
( I 
OVER the entire subject of instruments to control 
in the steel or any other industry would be be $2. nen oy 
i the ability of any one man. The writer will dis Fd, PES 4 
few definite examples within his experience, showing 
is been accomplished through the application of in 
ts to control both power generation and power con ‘ 
yn. a e 
uments for indicating, recording and controlling such 
es as temperature and flow have been standard equip . 
1y SO Many years that we need not go into their use. 
is, however, a class of instruments that has been = 
into use recently, on which large returns can be —— "ae BR +, 
These help control costs chiefly through proper tim 4a A es 
f the various manufacturing operations. rit a; 6 d $ mA ’ 
s remarkable how seldom a sequence of operations is 
{ in such manner that the lowest costs will result, and ‘ 
much the lack of proper timing increases industrial : = 
It is believed that much less thought has been given Sie ..—=. Ae terreno 
s subject than it warrants. 
\s an example, let us take the cost of purchased utility - ‘ 
r. The rate schedule of almost any public utility com- rt 
can be subjected to exact mathematical and graphical $5,130 added candies iain ae 
ysis. Fig. 1 is a typical rate graph, where total cost of : | adhd Fo. 
r in dollars per month is used as the ordinates, and 
ergy consumption in kw. per month as the abscissa. The Eee 
y of lines shows how the monthly power bill increases 
continued use of energy at some particular demand. ane Be 
; graph is intentionally made with large intervals be i . my » 
een demands for which lines are drawn for the purpose an 
lustrating the principle and for easy reading. 
rhe chart shows that if 1,300,000 kwh. of energy were : 
hased during a given month at a demand of 5,000 kva., 
resulting power bill would have been about $17,400.00 Fig Typical demand curves 
the month. The chart also shows that had this numbe1 
vh. been purchased under ideal conditions of 100% load = monthly demand records that set the 
rs the demand would have decreased from 5,000 kva. to ch irges on a particular plant. It covers tl 
tly less than 2,000 kva., as shown at “F” and the power of a given year. A study of that plant 
vould have decreased from $17,400 to about $12,200 a required production could be maintain 
t a monthly reduction of about $5,200 or 830%. While trouble or interruption at 2.40 ; 
e of energy under such perfect conditions is imprac trolled demand is indicated bv Pe 
e, efforts to approach perfection will result in substar ey 
st reductions. oe plant Manage} Start campa 
isual method of determining the demand imposed 01 ie ices enigenar atincnn ae onerntaiet Pranscdaen 
ity by a customer is through a demand meter whicl nat order Out and into this mont : 
s a series of ares. The length of are, when multiplied : cong Ea the t + f Fig. 2 t : ¢ 
propel mete} constant,” determines th kw 01 KVa pret tI ele ea poe os ; te oT 
nd during each demand period. The longest of theses sree aie ec ee piraraior , 
in a given month is usually the base on which the de Ses demand ¥ ees Sane CORI : 
charge is calculated. This demand charge ranges an pains ase the plant proau tion J the } 
from $1.00 to $2.50 per kw. per month and constitutes eee araction of 1 mut the exes 
“np from 10% to 75¢ of tha total powe? bill. nereased the nN tl V pe r 1) DZ 
2 exemplifies conditions before control of demand pela eee ptt ante Pagel alae E tie ya 
timing of production. It shows short sections of six the increase in the power b phe othe 
Simliar increases 1n power cost 
7 — ~ (B) A Lis hout peak aaded + ca t 
(C) A 1%4 hour peak added $3,105 to t 
(D) A “good” day’s production added 
(E) A short-time peak due to a turbine 
the entire load was thrown onto the utilit 
the month’s bill, and most of tl vas adde 
of the peak. The energy shown in the pe 
and divided into the increase in cost due 
extra energy was found to have cost neat 
(F) A peak of only 1!2 hours added $4, 
bill. 
Now let us examine the sensational re 
be by installing a few relatively simple dev 
et A standard demand limiter costing 
was installed on the incoming utility pow 
: standard time switches costing about $30 « 
i near the heating furnaces. The demand 
siren near the end of the demand interva 
t : minutes) whenever the demand threatenes 
ee determined maximum that had been set by 
AEE on a me — at the beginning of the month as suffice 
Fig. 1. Graphic determination of wholesome power costs expected production for that mont d 
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4 aie te tees , . A) increase in the use of electric energy. 
An indication of what was done with the demands 
in Fig. 4, which is a tabulation of the demands of t} 
each month for a typical year before and after i) 
P the control devices. 
se Devices of this type are now standard equipment 
i U.S. Steel Corporation plants making any consid 
fet : oth My #4 chases of utility power. 
The power requirements of the steel industry ha 
e - fe Pe radically changing during the last few years. We 
requiring power systems to absorb loads that wer 
thought possible as little as ten years ago 
The new continuous mills producing wide flat } 
such as plate and sheets present control problems t 
important to both the engineer and the instrument 
genie a) ; d Not so long ago a heavy “bite” taken at a mill tl 
f h NNT 1 We PN 1 from 6,000 to 10,000 kw. peak load on a system wa 
, : ae ir eee i atvek: Snucallesion 4k aaienaakt vodentniners sidered a large peak. Such peaks were Cheoune red 
the initial forming passes on ingots or slabs. These 
and siabs were short, so that the load. lasted only tl 
( yht at the eating Turnaces that the neate five seconds. When the plece belng rolled lengthened, 
1 } ms not in excess of the maximum rate at the time required for rolling, but the cross-section a 
eh the ( lid t handled by the sequence of n S tnat educed and so was the powe equired fot olling 
I rie the materia and In this way 
event int olled product from ly 
ng nm the 1! ut tables and cooling 
l I the ( Ing } CESS ‘ 00 RPM Fj : re 
cha t sections in Fig sho om — aotel dean NE gp pe Bi ho cei tnt hen tlitieai Pe 
e results. The first three records show 
lemands for typical months immediate 
preceding the installation of the con 
tre nstruments. The bottom record is $ Bower Frequency Cnar 
typical of demands for the first month TyPica hv 
the cont! equipment was In operatio! 
Owing to some snecial load conditions, so ers Si tes 
t 1ddenty became necessary to rust ee re ° 
the nstallatior vhich was not com 4 Pi + i Fic. € 
pleted unt ite the night of the Slst hyoai ‘ u * i 7, iW > 
f the month, and it was }.aced in regu f i wi iy! Wahi Pw /' | j 
a pre ition early the next morning iy \ \ nae wer 
One demand interval “got away from age 
the erators on the secend day, as it a1 pete f 
licated by the note on the chart a 
The maximum demand was, however, 
educed from 1,890 kw. for the preced 
! month to 900 kw. for the first month K 35 R 
that the demand limiter and switches 1 mee Fic. / 
wer ! service Another interesting r 4 " Ay 
feat e was that on the pre ding mont} at . hart * Jnr wie, aa 
the n using 1,890 kw. of demand had "hh Pi VAN | , ’ ( ' p ia 
10) Ds ! scra} vhile under the ay V 
r t led demand of 900 kw. the mill 
cut its scra} iss in half. Incidentally, 
a caretu stimate showed that a $000 ' 








—~ ler What happens when a load is suddenly added t When the large 100” plate t Ho; f 
ved from an electric system. A sudden load additio1 to the svstem, 1 idditior ’ 
carried by the kinetic ene rgy stored in the highspeed This n as f nti? 
parts of the turbine and gener: 
‘flywheel effect’ of these rotating parts. These must oad addition t nto the svsi 


the initial energy through loss of speed. This speed kw. to 25,000 k at it ’ 
on causes an adjustment of governors which admit  onds. The effeet of suel 
steam to the turbine and equilibrium is thus restored parent from a glance at I 
everse actions take place when load is removed. “Fly Contrast this speed variat th that of ou 
5’ give up energy for a maximum of about 5 seeonds panies as shown in Fig. & t of { 
load is sustained for a longer period flywheel energy covering three f da The ' se 
t be used efficiently. evcle or Ou p.m. at speed of 1800 n { 
an a-c. system the frequency is an exact measure of luring the thre | S was 1804 n ind tl t 
speed of the generators. Fig. 5 shows the frequency on was 1795 r.p.n 
works electric system on July 4 when all main rolling can be done with control instrument n really 7 
s were shut down and only crane lifts and similar items The utility companies ha 1 tl 
ed changes in load. The width of the band is a measur‘ only within the last few years but it wv 4 
e sensitiveness of governor and the little peaks and impossible \ 
ys show additions and removals of load. Contrast this industry to approach such acé thout 








rm speed with that on Fig. 6 which shows a typical ment in additional power e t bot n 


vorking day. turbo-generators. 





9 represents one type of maximum load- 
While the figure shows the electric load 
ssed by the works and the violent peaks 
vosed by the six stands of continuous mill, 
yart also represents exactly the flow of 

which the boilers will be required to de 
to the turbo-generators in order that they 
carry the load. In these peak loads, the 


of load from each of the six continuous 


ds is clearly shown 


Notice that each peak is approximately 46 
ds long and that a 30,000 kw peak ts ap 
to the system in 16 seconds of time. While 

peak load only represents 185 kw hours of 
k, the boilers must evaporate 1855 Ibs. ot 
tional water during the 36 second interval 
iverage increase in steam flow over the 
uion of the peak is at the rate of 185,500 
f steam per hour but the actual maximum 
f flow ac the top ot the peak requires an 
sed tlow equal to an additional 300,000 


hour 


I 10 shows a. stall more violent change 
shere the boilers will be called upon to imcrease 


flow of steam at the rate of 380,000 Ibs. per 


8 seconds ' 


Ar some later date i second narrower strip i 
may be installed. Time studies showed that : 
was not practical to stagger the peaks be- 
seen these two mills without slowing the pre 
iction of the faster mill to the speed of the 
wer mill. Peaks on the two mills will, there- 5 
coincide at times and when this occurs, i 
he load will look something like Fig. 11 


Fig. 11. Notice that the duration of the peak 
be about 46 seconds and that it will take ‘i 
proximately 2544 Ibs. of additional water 
shed into steam during these 46 seconds to 
ly the peak demand. The boilers will have 
5 seconds in which to increase their rate of 
m flow 420,000 Ibs. per hour 


It would take an exceedingly large battery of 
lers to flash 2544 Ibs. of additional water 

steam in 46 seconds. The loss in pressure 

m such a cycle would be out of the question 

feat must be supplied from fuel for at least a 
rge part of the evaporation mecessary to Carry 
ese peaks. When a problem of this kind is 


cognized during the early design stages, no 





rticular trouble is anticipated in designing 





O meet the conditions imposed by the 


ce 
The plant wi use a combination of pur 
ised utility power and power generated 
npany Owned stations 














e sel e and quicker acting Fees é 
ment ! ae Supersensitive quick acting ¢c t ! 
luce nat popularly called “hunting and the neare the 
t Y lipment attempts to approac! the so-called ‘“‘zer 
egulation,” the wilder and “‘jumpier” the control equipment 
tbeu rae to function. The danger of overshooting the 
ecessary ontrol marl thereby greatly increased. 
It aid by utility engineers who have made careful 
tudies of the subject that in the large interconnected util 


ty network now In Operation In this country, that a 30,000 


vy. load applied in ten seconds will reflect as much as 27, 
000 kw. into stations 500 miles distant, and further that if 
this load is suddenly removed after 10 seconds that it will 
start surges in the system that will take 15 minutes to even 


uut, and return all equipment back to normal operation. It 

contended by the author that in setting up instrument 
control, particularly for independent power systems, that 
the most data to be considered is, through how 
a range of variation can the equipment be allowed to 
swing and still give satisfactory performance, and second, 
nstall as little control equipment as will hold the fluctua 
tions of the system within these satisfactory limits of varia 


essential 


vise 


tion, 

It was stated earlier in this paper that with the advent 
if the large continuous mills producing wide flat products, 
that steel mili power systems were required to absorb vio 
ent load fluctuations which were hardly thought possible a 
ew years ago. 

{4 power system must at all times be prepared to handle 
t loading that can be placed upon it. A 
vater getting into turbines as a result of overloaded boilers 
may the turbine unit. Figs. 9, 10 and 11 represent 

hat is considered the worst conditions that will have to be 


new U.S. Steel Cor 


tne mor dose of 


] 
Wreck 


net in order to successfully carry the 

ration mill at Irvin. 
Che startling size and suddenness of the peaks caused con 
lerable anxiety among utility operators as to the effect of 
1 


This can be readily 


+ 


uci ads on their systen understoo 


hen the extreme narrow band of speed regulation on util 


t ! el tems shown in Fig. 8 is remembered. At length, 
e utility mer ere convinced that it was possible to build 
tation t perate in parallel with the own system and 
py f eater magnitude than 10,000 kva. off the 
t t ten 
! ‘ “ iccomplished mn tw Vays A stati can be 
uilt th about double the number of boilers and perhaps 
ce the requirements in generating capacity so that 1} 
ne} mal load div n between parallel operating systen 
ey} ‘ tation closest to the load would absorb the lerg 
t of the peaks, or a much smaller station ean be built 
that w have proper control instruments that will fore 
the larger part of the peak loads to be carried by the con 
val yned pows suse close to the point of load applie 





The AU Purpose 


AIR VELOCITY METER 


made to supply fuel to « 
element in heat 
ashing water into steam thr 
Suppose, therefore, an all i 
then, if the turt 
would have to ea 


abso 


pressure loss in the boile: 


of 175 lbs 


red steam at ,O0U Ibs. the 


pressure loss during peaks; 


boiler 
In order to prevent this 950-lb. steam in the boiler di 
from reaching the turbine, a pressure-reducing mechar 
in the form of a butterfly valve capable of almost inst 
adjustment is placed between drums and superheater. 1 
opening in this valve is controlled by the steam pressurs 
the turbine. When the turbine valves open and draw n 
steam than is being supplied the resulting drop in press 
at once opens the butterfly valve and the large reserve pre 
sure in the boiler drums starts a larger flow of steam 
once. The fuel supply to the boilers will respond to the sar 
operating mechanism. The the turbine 
have auxiliary remote controls that will be able to increa 
or decrease the load carried by the unit. 

In the substation receiving utility current, the maximu 
relay will normally be open and will close only when an 
rush of current exceeds some predetermined maximun 
while the minimum relay will normally remain closed a 
open only when the incoming utility current drops bel 
the predetermined minimum. 

Should the maximum relay close due to a heavy increa 
in current supplied to meet a large peak, a timing mec 
anism starts increasing the load carried by the turbo-g% 
erator in 5,000-kw. steps at say two-second intervals unt 
the incoming utility current is restored to its predetermir 
rate of flow. Should the minimum relay open because of | 
of load, the reverse operation takes place and load on 
turbine is relieved, in the reverse action of the manne 
which it is increased. 

The base load 
by the minimum 
ond by the number of amperes a 


Ss set to open 


grovernors on 


carried by the turbine is determined fi! 
limits set for the turbine control and se 


which the minimum re] 


It all sounds simple but you may be assured that whe 
all the funet s of superheat control, feed water cont 
forced- and induced-draft control, auxiliary fuel control 

| the rest of the various controls are tied into this syste 
it will take a well-qualified group of specialists to ecodrdinat 
the various functions of all the instruments. 


Automatic control instruments far exceed any human ¢ 


trol. They will not divert their attention from their job. | 
properly designed, they should not require excess servi 

to keep them in order. They can sense and compensate f 
changes so small that they would hardly be noticeable 1 
the human and they act much faster than a human. I 
therefore, a job of careful regulation is required, it is safe 


o trust it to control instruments than to the average humat 








Alnor” 
V elometer 


| INTERVAL TIMERS 
PROCESS TIMERS 


HIGH QUALITY, LOW PRICES | 





Instantaneous 


PROGRAM TIMERS . 





Reading 





No Timing 
No Calculations 
rite 
for Literature 








Direct | 


ILLINOIS TESTING LABORATORIES, Inc 


TIME SWITCHES 
FLASHERS Bulletin 901-A 


Writ« 


re es Sees Co. 


RECORDING RECORDER } 
CONTROLLER ONLY 

Mode! A tts Model AP 

W l 

$90.00 $65.00 

| I l 

$100.00 $75.00 

Send for Send for 





= THE PARTLOW CORPORATION 


12 Campion Road, New Hartford, N. Y. 




















142 W. Austin Ave Chicago, Illinois 


Cut INSTRUMENT LITTELFUSES 
Meter noe gon bee eS Bont a 
Costs 








t f £ 
LITTELFUSE, Incorporated 4250 Lincoln Ave., Chicago, Ill 





INDUSTRIAL INSTRUMENT SERVICE | 


CLAUD S. GORDON CO., Cleveland—Chicago—Indianapolis | 














a a 











Pendulum Method of Measuring Hardness 


By s. R. WILLIAMS 


Professor of Physics, Amherst College 


rHE HERBERT PENDULUM HARDNESS TESTER 


most ingenious and at the same time the most 
mating of instruments for measuring the hardness 
il¢ rials is the OTM de vised by KE. G. Hl rh Tt . lt 
sts of an inverted, U-shaped mass as shown in Fig. 


When used in testing the hardness of materials it 





Fig. 191. The 
Herbert Pendulum 
Hardness Tester 
with operating 


stand. 














sts on a hard, steel ball 1 mm. in diameter. or on a 
ll-shaped diamond of the same diameter. For soft 
iterials a 3-mm. steel ball may be used. Ball pointed 
liamonds of 1 mm. diameter can be furnished for test 
ng hardness ranging as high as that of sapphire. Se 
rig. 192 (a) and (b) 
Che Herbert pendulum really constitutes an inverted 
pound pendulum with a moving point of support. 
which the center of mass of the pendulum lies 0.4 


above the point of support when the center of thi 


bble in the level tube lies at the ses point on thre 
100 seale. (This level seale may be seen at the top 
he instrument in Fig. 191.) In order to understand 
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g. 192. Spherical-faced diamonds. The i-mm. diamonds used 
the pendulum are shown in (a), full size. In (b) is shown 
e l-mm. diamond, magnified 15 times. 


thre behavior ot this peculiar form ot pendu 11 it wil 


he necessary to explain two tairly common tvpes of 


pre ndulums. 


7} } } 

l The S mo ple Pendulum. Fou iult SUS pr nded from 
the dome of the Panthéon in Paris a large iron ball by 
means Of a steel wire 67 meters long. ‘The mass of the 


ball was ?Sko From a practical point of view the ko 
cault pendulum mav be considerce 


. ' ; 
he mass of -SKY would have to 


simple one. In tl 
ideal simple pendulum t 
be concentrated in a point at the lower end of the wire 
ind be supported by a weightless, inextensible wire 67 
lum the length of 


meters long. For such an ideal pendu 


i complet } riod is given by the equation 


fi Pe q 


) } ; 

where is the distance in centimeters between the poin 
of support, S, and thie point where the mass, om, is con 
centrated. See ] 1 LOS i q 1s Clie wceleration due 


Pp 
—4 

-<4 

w” 


Fig. 193. A simple and ) 


\ 
a compound pendulum y 
compared. They are e* 
supposed to have the 
same period. J 


ed ‘ 
to gg Vit ind HAS ti Vai t I iba YSO. 2 
Lat. 42> N. From this eq lon it w 
greater the length the longer w e they 
bration. R POTOUSTS slp nad . 


that we know exactly the conditions under w bre 

operating, use is made of th | nd. or phys 

dulum as it is sometimes 1 oS | uv 5) 
mpound }) ndulun ‘ posed roan nn 

ft simple pendulums as indicated by t 

ete.. hence its name. Comp nd pendulun | 

tion for thr pe riod of a Simpl pendulum, wh | tS] 

been given, the mass a tri to vibrate with a t 

poe riod than the mass b or mass d fron He 

port S. If the compo ind pendulum remains as 


} } 


must swing as a whole and with a common period 
parts. It will swing as though its entire mass wet 
‘entrated at a definite point O in thi pendulum w 

distance from the knife-edge S is equal to what is know 
is the equivalent length of the simple pendulum. If a 
simple pendulum is hung up beside the compo nd per 


dulum and both have the same period, then 








f the simple pendulum will be the equivalent of the dis 
tance from S to O in the compound pendulum and S-O 
illed the equivalent length of the simple pe ndulum 
Phe point O is called the center of oscillation, but must 
not be confused with the center of mass. If the entire 
iss of the compound pendulum were concentrated at 
MY it would still continue to oscillate with the same pe 
riod. The point O corre sponds to the so-called point of 
percussion, that point in the baseball bat with which 


the batter wishes to hit the ball without stinging his 


Phe pendulums thus described were supposed to be 
pported on ideal knife-edges. Herbert's pe ndulum has 
been called an inverted compound pendulum, because 
s center of mass lies above the point of support. If on 
should invert the compound pendulum shown in (b 
Fig. 193. it would be evident at once that it would not 
oscillate in an inverted position, because the moment the 
nter of mass passed either to the right or to the left 
if the vertical line passing through the knife-edges the 
joe ndu 1ihi would keep on 


‘he uniqu ind ingenious feature about Herbert's 


oing and fall over 


compound pendulum is that instead of oscillating over a 
knife-edge its center of gravity lies above a point on a 
spherical surface whose radius is 0.5mm. On this curved 
surface the pr ndulum rolls as its swings back and forth. 


with the result that the point of support is not tixed as 


n the case of the knife edge 
] i] 1] . ] = ] a +} j { 
n Nh rolling on a spherical s irface, the point of 
support moves to the right, if the pre ndulum is tipped to 
he right, thus throwing the center of mass to the left of 


| 1 

the vertical line through the point of support which pro 
, “a 

duc eS a torque causing’ thre ye ndulum to swing hy i¢ k again 


; 


oward its equilibri im pont Due to the large inertia of 


t 


tler passe S thro gh thre pos! 


the heavy pend lum thie il 
| ] 

ion of equilibrium to a deflection toward the left where 

the center of mass now lies to the right of the ver 


line through the point of support; and so the vibrations 


continue until the energy imparted to the pendulum. to 


irt if swinging is transformed into other forms pro 


duced by friction and the cold-working of the metal 
under the ball 

One may visualize this more easily by considering the 
irregularly shaped pendulum of Herbert's as ai large 
steel ball from. the upper side of which a sufficient 
umount of metal has been removed to lower the center 


of mass from the center of the original sphere i big 








Y 
Fig. 194. A steel ball has a portion of its top ground away, 


so that its center of mass is lowered from C to m, a distance 
one-tenth of its diameter. As the ball rolls to the right, the cen- 
ter of mass m will be a distance L to the left of the line of sup- 
port when the point + on the ball contacts the surface A-B. 
[his produces a torque, acting to roll the ball back to neutral 


position at /. 


INSTRUMENTS 
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194, to the point m, a distance equal to 1 10 
diameter of the sphere. When the sphere is in 
brium the point m lies vertically above the point o 
tact h, Fig. 194. When the ball rolls to the right s 
v becomes the point of contact on the surface 4-/] 
center of mass m will then lie to the left of the vy: 
line cv. This produces a torque equal to mgL t 
to roll the ball back to its position of equilibrium, y 
h is in contact. The length ZL is the distance bet 
m and the vertical line cv when v contacts A-B 
the arm’s length of the lever at which the mass 
sphere is working. As the ball rolls back to its po 
of equilibrium, the rotational inertia of the sam 
ries the ball through the position of equilibrium un 
lies to the right of the normal to 4-B at the point 
contact. Thus oscillations are set up in which the 
riod of oscillation will be smaller the greater the 
tance at which the point m lies to one side or the ot 
of the line rising vertically through the point of 
tact. 

Thus far in the discussion we have assumed that 
ball rolls on a surface 4-B so hard that no indenta 
occurs. Ideally A-B should be infinitely hard for 
brating the period of the pendulum, Suppose, how 
that as the ball rolls alone on the surface A-B it | 
i permanent rut in the surface. From the use of 
microcharacter and other permanent-deformation n 
ods we know that for a given load the permanent t 
will be wider or deeper the softer the material over w 
the indenter moves. ‘The same holds true for the trac 
by the Herbert tester as it rolls a short distance a 
the surface of a deformable substance. Furthermore, 
the ball rolls. it pushes up a wave ol the materia 
front of the ball, as shown in an exaggerated for 
Fig. 195. In this picture the rolling ball has moved 


ward until v7 is ve rtically below the center of the 


Benedicks and Christiansen’ established the tact 
‘the motion of the pendulum ball, on the swinging 
the instrument, is a purely rolling (not sliding 


} ; 


ts course pushing 


Inasmuch as the ball rolls along 
material of 4-B ahead of it, the point of suspension 
the ball is not v as in Fig. 195, but some undetern 


point wz still farther to the right. The center of 
, j 
m now lies a distance L mb to the left of the vy 


, j 
tical line through « ind because ‘g mo ws gre 








Fig. 195. When the ball rolls along the surface A-B of a 
formable substance, the average point of contact lies somewh« 
in the region of w. This makes the restoring torque greater 


soft metals than for hard 


( & V. ¢ stiar H 

















ma in Fig. 195, we have the paradox that 
ter the material, the smaller will be the period of 


ion because the restoring torque is greater for 


in for hard materials. 


Fig. 191 the Herbert pendulum was shown with 
rating stand. When not supported on the. steel 
r the spherical end of the diamond, the pendulum 
ma three-point support on the horizontal arm of 
erating stand. 
steel lever at the right of the base is raised as 
is it will go, which allows the table on which the 
uen rests to settle to its lowest point and to b 
1 there. A downward push of the lever releases 
ible and, by reason of an oil dashpot for restrain 
he motion, the table slowly rises a distance of about 
In this movement of the table the specimen is 
d until it intercepts the steel ball on the pendulum 
the latter is then free to swing back and forth. A 
Hat spring under one side of the pendulum gives 
Hicient energy for the proper amplitude of swing. 
ther operation of the handle downward sets the stop 
lh in motion, stops it, or sets it back to zero. Before 
reading the lever is lifted to its highest point which 
rns the table to its lowest point and leaves the pen 
lulum resting on its three-point support. The horizontal 
on which the pendulum rests when not in use may 
ioved up and down to allow specimens 6” in depth 
measured, It should be placed for each specimen 
that the steel ball of the pendulum is about 1 16” 
the surface to be tested. 
Phe Herbert pendulum may be used on irregularly 
ved objects when these are held in a universal ball 


See Fig. 196. When thus used without the advan 


Fig. 196 The Herbert Pen- 
dulum Hardness Tester used 
on a specimen when clamped 


in a universal ball vise. 





tage of the operating stand shown in Fig. 191 the in 
‘ument becomes a portable hardness tester. When the 
specimen is clamped in the vise as shown, the pendu 
im, held in both hands, is ge ntly lowered onto the sur 
ice to be tested, with the indenter finally carrying the 
ntire load of the pendulum and the latter free to swing 
vhen touched by a light feather. The operator must be 
ireful to keep the bubble at the desired mark on the 
tle when the pendulum is thus used. 
Herbert's pendulum hardness tester may be used in 
ir different ways: . 
The Time Test. In the first method the pendulum 
rested on the article to be tested with the bubble ver 
‘ally over the supporting diamond or steel ball. The 


j 


strument is then set swinging through a small range 
lightly touching it with a feather or by means of 
small spring already described. The periodic time 
the swing is taken as a measure of the hardness of 


material under test. In order to increase the aceur 


acy of time measurements, the interval which is meas 
ured with a stop-watch is the time it takes the pendu 
lum to make five complete vibrations: this period in se« 
onds is known as the “time hardness figure 

When the pe ndulum has its center of gravitv O.1] mn 
below the center of support, its half period when set te 
rock on a surface of extreme hardness should be 10 sec 
onds, so that it will take 100 seconds for thi pendulum 
to complete five full- or ten halt periods of vibration 
The numbe r 100. there fore, stands for the “time hard 
ness number” of maximum hardness. Glass is the best 
Wailable surface on which to standardize the pendulum 
The glass designated is ( by the Corning Glass 
Works is the hardest of the glasses which they produce 

The pendulum is sent out from the factory in proper 
adjustment, ready to use, but it should alw Vs have ats 
id justme nts verified. This is « isily done by rocking the 


vendulum on a piece of hard plate glass and noting by 
} | 


means of the stop watch whether the period is greater 
than or less than ten seconds. A change in the length 
;, 


of the pendulum and consequently in the period is easily 


made by means ot thre circul iomass Wilk h WOVES up ind 
down on the center of the pendulum by means of a tim 


SCrew. When thre half pe riod Is equal o lO seconds ind 


the horizontal serews have been adjusted so that the 
pendulum swings equally ibout the figure 50° on the 


curved s¢ ile, the instrument is. re idy for use 


Table I gives some of the tvpiceal time hardness 

be res 
G 
\ ( 
H ( . 
* 
\ ( 
AS 
( 

The Scale Test Los md kind of tes wWiit in 
Lye race with the Herbe r pel fulun is tl so-called 
scale test. which measures hardness as judged 
sistance to deformation by r ling. Great « 
used in making this test. Particular attention nu t | 
paid to leveling the specimen, preparing | specimen 
and balancing the pen fulum. The pendu iS held an 
both hands and lowered gently onto the surtace I hie 
test piece. Its initial position is a tilted one in which 
the zero mark divides the bubble. When finally placed 
in this posilion, thre pendul im is released without im 
petus and the position of the center of the bubble is 
noted at the end of the first swing which the pendulum 
makes. This reading is the “seale hardness number’. In 


order to eliminate errors due to faulty leveling of the 


specimen the test should be repeated with the pendulum 
placed at a new point and tilted to the left with the 
bubble at the “100° mark. If the specimen is uniform 
idjusted, thre bubble 


and the pendulum is prope rly 





Fig. 197. Time and scale indentations of the Herbert Pendu 
lum Hardness Tester. (Magnified) 
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Fig. 198. Time and scale hardness numbers of various solids 


as measured by the Herbert Pendulum Hardness Tester. 


should number of divisions in. the 
Opposite dir ction W he n the pe ndulum Is placed on the 
ball to 


i sph rical imprint, but on releasing the pe ndulum 


pass over the same 


specimen the weight of the pe ndulum causes the 


hn ike 


this indentation is rolled out into an elongated form. 
Fig. 197 (b) shows how the elongation looks when a 
seale test is made Fig. 197 a isa photograph of the 


imprint due to a time test. Inasmuch as the pendulum 


swings through a small are the imprint is only slightly 


VW hie n thre 


i deformation by rolling is produced and if the re 


elongated pendulum is released in the seal 


test, 


sistance to deformation is large the ball rolls out a shal 
low imprint and only a small amount of the metal is dis 


placed. As this requires only a small expenditure of the 
energy of thr pendulum, the pendulum will make a wide 
swing, Whereas if the specimen has low resistance a 
large wave of metal is pushed in front of the ball and 
this exhausts the energy of the pendulum before it has 
traveled much of the distance in its vibration. Thus in 


that the 


doe s not 


the table just given it will be seen pendulum 


swings to 97 on glass but for lead it swing at 


1] 
ill 


' , 
Herbert tested twentv-seven metals tor bi 


scale hardness numbers which are recorded in Fig. 198. 


From Table I and from lig 19S it 


th time and 


may be 














ther Is no simple relation between thre two tests. lor 
mstance, manganese steel shows an unusual departure 
from the other metals in s scale hardness number As 
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Fig. 199. The work hardening capacity of various substances 
as measured with the Herbert Pendulum Hardness Tester. 


(Courtesy of E. G. Herbert.) 
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observed from Fig. 198 Herbert calls the 
Ss Scale Hardness Numbers 


j li Time Hardness Numbers 


The numbe rs, © to 27, 


Flow Hard: 


used as abscissas in Fig. 19 
simply the various materials arranged in order 


creasing indentation hardness. The pendulum tim 


. like the Brinell test. m« 


to indentation. It is an “indentation hard 


time hardness numbers 
resistance 
which is measured. By means of formulas the pend 
hardness numbers may be converted into Brinell 
ness numbers. 

Time Work-harde ning Test. A 
the Herbert pendulum tester may be put is the 


This test 


third use to 


work-hardening test. measures the har¢ 
vctually induced in a metal by cold working. Th 
1) take a time test as has 
Without 
from its position, tilt it to 0, 
back to 50. The ball has 
of its elongated Imprint two times and the surface of 
work hardened. (3 \ 
another time test and the 

single swings is the 
This 


t, 6, 8 or more passes of the ball over the elongated 


cedure IS as follows: 


described above. (2) removing the pend 


then to 100. and _ fi 
now rolled along the si 


imprint has hereby been 


about five vibrations take 
in seconds for ten ‘induced 


hardness number.” process may be continued 
print in which, in general, it will be found that the h 
ness Increases up to a certain point and then decre 
Thi¢ tals to de tor 


tion whether by tools or by severe abrasion and give 


This test measures the resistance of 


some knowledge of how metals will behave when bi 


machined, and how they will stand up to abrasive pr 


such as one gets on the surface of a plow s| 


Csacs ph 
The values in Table IT show to what extent the h 
ness has been increased in various steels due to 


passes of the ball over the elongated Imprint. 


ra I] 

H 
M 
Cy 
M 
1) 

Instead of actually rolling, the steel ball may 
ind. therefore. no elongated imprint will be prod 


If for any material this slipping occurs, an etched s 
ball should be used and on soft me 


} } 


als l Way bye The 


sary to use a 3-mm. ball in place of the standard 1 
ball 

1. Secale Worl 
which the Herbs rt 


I] wrden 


ye nd i] 11h) 


ng Test. The fourth w 1 


may bye 
} 


the « pacity of metals to become 


of being cold-worked. All metals possess in: greater 
less degree the property of becoming harder when 

ire cold-worked by hammering, by ibrasion, Ly rol 
Dy polishing ind D\ other processes. It is of consi 
able interest to those who work with metals to 

Some knowledge of the work hardening Capacity of tl 
substances. Careful pre paration of the surface of 


nen should ilways bye mad 


cst Spec 


follows the seale hard 


The 


at O and then care fully 


Lhe procedure for this test 
test. and is as follows: (1 


both hands with the bubble 
ered in this tilted position onto the surface of the sp 


pendulum is held 


men. The reading of the center of the bubble at th 
of the first swing is the original seale hardness. 
Next, work-harden the specimen by tilting the pendu 


bubble is at the 100 mark. 
position of 100 


until the middle of the 
Release the 
again note the position of the center of the bubble at 


end of the 


pendulum from the 


reverse swing, taking as a reading the ac 


used IS In meas 


hi ire fr as &@ TCs 


t 
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of divisions over which the bubble has passed. 
if the center of the bubble lies at 40 the reading 

60 for the scale hardness after one pass of the 
ing ball. (4) Work-harden the specimen further 
ing the pendulum back to 0. Release it from this 

again without impetus) and note the scale read 
vhich will be the scale hardness number produced 
vo passes of the ball. Secure in this fashion five 
igs and subtract the first (original scale hardness ) 
the average of the next four (average induced 
hardness). The difference is the “work-hardening 
ity” of the metal, 7. e., the average increase of 
ess due to rolling one to four times. Typical scale 
hardening numbers are given in ‘Table III, while 


Tanre ITl 


Ist 2nd rd $th sth four 


g. 199 are plotted the various scale hardness num 
which follow the various passes made by the inden 
m ball along the elongated imprint. Here again care 
st be taken that in making the passes the ball does 
slip but rolls. If slip occurs, either an etched or a 
rot ball should be used. 

fig. 199 brings out a number of interesting facts 
Glass shows no work-hardening capacity. Manganese 
| jumps from an initial scale reading of 15 to a scale 
ling of 95 after 3 passes. Cold working causes man 
ese to change from a hardness equivalent to a mild 
| to that of a hard tool steel. Once again manganese 
lemonstrates its peculiar properties. The zig-zag effect 
the seale readings for the successive readings of the 
bble in the pendulum is due to the path rolled out by 
ball being deeper at one end. The ball rolls up and 

own a small inclined plane. 
Pendulum Hardness Numbers with Varying T: mpera 
es. Under the painstaking care of Mr. Herbert, his 


ndulum tester has been developed for use in testing 
hardness of metals at both high and low tempera 

res. There are two tests in particular to which atten 
should be drawn: (1) Time ‘Tests on Hot Metals: 
lemperature Work-Hardening Tests. 

l In order to Carry out the first test it must be so 
inged that the specimen can be kept at a known tem 
rature while the time hardness number is determined 
Fig. 200 is shown an electric furnace in which thi 
cimen may be heated and to which is attached a py 
meter for measuring the temperature. The furnace is a 
sistance heater built around a leveling table on which 
specime n iS mounted. The sphe rical face diamond 
Id replace the steel ball in making the tests for “hot 


rdness.”” Only the diamond can withstand the combin 





g- 200. Electric furnace and pyrometer, for hot hardness and 
mperature work hardening tests. 











ation of high temperature and intense hardness. With 


the diamond replacing the steel ball, all tests may be 
carried out on hot metals as one would carry them out 
for specimens at room temperature. Throughout the 
measurements the specimen remains in the furnace. In 
order to assure oneself that the temperature of the sur 
face being tested is the same as that given by the pyrom 
eter it is desirable to imbed a thermocouple junction in 
a hole drilled in the edge of the specimen. The “hot 
hardness” test is one of the most important uses to which 
the Herbert pendulum may be put. In cutting operations 
with machine tools, heat is generated and the value of a 
cutting tool depends on its hardness when hot. This can 
be determined by the process just described. Fig. 201 
“Rapidor” 


hardness as the temperature inereases. This high-speed 


shows how a special steel maintains its 


Saw blade steel contains 18, tungsten and IS compared 


with five other steel saw blades containing 207 tungsten. 


It is readily seen from the curves why 


‘Rapidor has 
its great capacity tor rapid cutting at high speeds 


2) For carrving out the work-hardening tests at 


high temperatures, considerable attention must be paid 


to the preparation of the surface of the specimens It 


should be prepared by wet grinding and hand polishing 
to avoid the use of cutting tools which might cause local 
work-hardening. With the added precaution of a jun 
tion of a thermocouple in a hole drilled in the edge of 


the specimen, the work hardening tests are carried out 




















0 Se eee T T ) 
we” © 
w 50} 
ee 3 
« 20 . ~ 
= r 
{0 a | 4 4 4 1 i : L J 
0 100 200 S300 400 3500 600 700 800 
TEMPERATURE CENTIGRADE 
Fig. 201. Hot hardness curves of “Rapidor’ and other saw 
blades. 
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Fig. 202. Temperature work-hardening curves of Vickers’ test 


bar steel. 


is tor those it room temperature iw. ZUZ hows. thre 
eveles through which Vickers’ test bar steel goes as it 
work hardening CAPACILY hang S With mcreasin tem 
perature. In developing all of these tests at high tem 
peratures Herbert has advanced as perhaps no one else 


has done our knowledge of the art and science of hard 


ness testing. 









































Fig. 203. The sphere has had sufficient mass added to its top 
so that its center of mass m lies 1/10 of the diameter of the 
original sphere above the center c. On an infinitely hard sur- 
face the sphere would be unstable, but on a soft material the 
effective point of support lies at 1 and so the point m still lies 
to the left of the vertical through v and the sphere will return 
to its position of equilibrium and continue to oscillate. 
Reversed Pendulum Tests. One other property of thre 
ype ndulum hardness tester should Lye discussed al this 
point, as its use in connection with another test will be 
discussed later. This tester of Mr. Herberts is called a 
pendulum. This is correct, but it is an unusual pe ndu 
lum in this respect, that the center of gravity lies O.4 
mm. above the point of support. As commonly used, the 
center of gravity is adjusted until it is one-tenth of a 
millimeter below the center of the ball, 7.e., the C.G. 
lies within the ball itself which is 1 mm. in diameter 


By means of a cylindrical mass, directly above the ball 


( 64 











EPPLEY 
THERMOPILES 





lanufacturing thermopiles at the Epple 
Laboratory, Ine Tue te he fineness of 
u t WLOs f anufactu , ) 

US perf / ) De 


Adequate manufacturing equipment in the hand 
of our skilled and experienced technicians insure 
satisfaction to the users of Eppley thermopiles 
Write for a copy of our Bulletin E-38, which de 
scribes these instruments in detail. 
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STEEL CABINETS 
... built by FALSTROM 
any QUANTITY 
any SIZE. 

any METAL 
any FINISH 
_ DESIGN 











Falstrom cabinets built to ex- 
act specifications for housing: 


Electrical Equipment 
Testing Apparatus 
Radio Equipment 


Experimental Equipment 


Send specifications. 
Write for cabinet bulletin P-9 


FALSTROM CO. + PASSAIC, N. J. 


ENGINEERS IN STEEL SINCE 1870 





INSTRUMENTS 
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tall Bellows 


HYDRON Metallic Bellows are used as control ele- 





‘i 

\ ments in temperature and pressure -control devic es, and 
4 for liquid or gas seals of compressors and pumps. We 
4 are specialists in the design and production of com- 


} 

: plete thermostatic and pressure units for temperature 
Write fot and pressure controls. We are, therefore, prepared to 
AA pace extend the fullest co-operation to engineering depart- 
ENGINEERS ments of control manufacturers in the solution of de- 


DATA BOOK sign and engineering problems 


CLIFFORD MANUFACTURING CO. 


564 E. FIRST STREET, BOSTON 
BOSTON CHICAGO DETROIT LOS ANGELES 


PRODUCERS OF BELLOWS EXCLUSIVELY 
SERVING AUTOMATIC CONTROL MANUFACTURERS 








